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Abstract

In the Dead Sea Rift Valley of Israel, a northern tongue of penetration of Sudanian elements exists

that has traditionally been regarded as composed of Miocene relicts. Wepostulate that most of these

elements have penetrated the area since the end of the Pleistocene. The principal habitats harboring

Sudanian elements in Israel are described, including the pseudo-savanna in wadi beds, cliffs and rock

formation, oases and in the Dead Sea Rift as well as a variety of secondary habitats outside the Rift.

In addition, a statistical analysis of the 1 1 6 species in the flora of Israel considered to be Sudanian

elements is presented, covering growth form, phytogeographic distribution, dispersal mechanisms,

and degree of endemism. Special attention is given to the arboreal elements, including 49 species of

trees, shrubs, and perennial vines. A comparison is made between the habitats of these species in East

Africa and in Israel: significant habitat shifts were found in some cases. Although paleo-macrofossils

are almost non-existent in the area, other evidence, such as low degree of endemism, disjunctiveness,

and adaptations to aridity and long-distance dispersal indicate that the great majority of the Sudanian

elements in the Dead Sea Rift are of recent origin. The relationships between the typical evergreen

Mediterranean elements with paleotropical origins and the extant Sudanian elements in Israel are

discussed.

Within the portion of the Syrian- African Rift ecological conditions quite different from their

lying between the Red Sea to the south and the norm. In addition, a handful of Sudanian species

watershed of the Jordan River in the Golan alsooccur in the low-lying coastal plain of Israel,

Heights, a large number of Sudanian elements, almost entirely cut off from the Dead Sea Rift

plants as well as animals, are found considerably Valley and the bulk of the Sudanian region prop-

farther north than anywhere else in their distri- er (Fig. 1). Climatic and geological conditions in

bution range and in many cases growing under the Dead Sea Rift Valley explain in part the pres-
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Arabian and West-Sudanian subregions of En-

gler (1879-1882) and others.

Since the publication of Eig's and Gruenberg-

Fertig's works, our knowledge of the vegetation

of Israel and its neighboring areas has increased

greatly. This is due mainly to the publication of

new floras of Israel (Zohary & Feinbrun-Dothan

1966-1974; Feinbrun-Dothan, 1978, 1985),

Egypt (Tackholm, 1974), the Sahara (Ozenda,

1977), the Thar Desert (Bhandari, 1978), and

others (e.g., Wickens, 1977; Lind & Morrison,

1974; Danin, 1983). Wehave to date recorded

more than 800 species of plants growing in the

Dead Sea Rift Valley, of which 14.5% can be

considered Sudanian elements. More ecological

information concerning the Sudanian elements

in Israel outside the Dead Sea Rift Valley has

also been collected, and additional information

on the details of the ranges of many Sudanian

species has been amassed. Consequently, the

conclusions of Eig, Zohary, Gruenberg-Fertig, and

others on the age and origin of the Sudanian

elements in Israel should be reconsidered.

The dominant view of this question, as pre-

sented by Zohary (1973), Tchemov (1968), and

others has held that the Sudanian elements in

Israel, both within the Dead Sea Rift Valley and

along the coastal plain, are Miocene relicts sur-

viving in specialized habitats from an earlier,

warmer, and wetter period when tropical vege-

FiGURE 1 . General geographical aspect of the study tation occurred as far north as central Europe,

area with the main districts harboring Sudanian ele- The opposing view, held by Tristram (1884),

ments. Hart ( 1 89 1 ), and Bodenheimer (1935), argues that

the Sudanian elements in Israel are recent and

arrived in Israel in waves during the warm in-

ence of Sudanian species so far north, but several tervals that occurred during the Pleistocene, i.e.,

questions remain concerning the present ecolog- during the last million years. Galil( 1972) revived

ical adaptations and distribution patterns of the this theory and even went so far as to suggest

Sudanian elements in Israel. The most intriguing that most of the Sudanian plants occurring in

of these is simply: how and when did these species, Israel today are the result of the most recent

whose principal distribution is in subtropical Af- penetration that took place in the hyperthermic

rica and similar regions in Arabia and the Thar period about 4,000 to 8,000 years ago.

Sinai

St Katorina

SAUDI
ARABIA

EGYPT

50 km!'

Desert of India and West Pakistan reach Israel

particularly in the Dead Sea Rift Valley?

The purpose of this paper is to enlarge on and

analyze the findings related to the Sudanian ele-

Only two papers relating directly to the Su- ments in Israel and to attempt to resolve the issue

danian floristic elements in Israel can be found of the relative age of the extant Sudanian vege-

in the literature. One is Eig's work, in which he tation in Israel. Since fossil records relevant to

cites about 170 species of plants from the Dead this discussion are essentially non-existent, we

Sea Rift Valley, of which more than 30% are will attempt to apply ecological theory and phy-

Sudanian (Eig, 1931-1932). The second paper togeographical analysis to elucidate the issue.

(Gruenberg-Fertig, 1954) is a renewed and de- Furthermore, we can compare the local situation

tailed phytogeographical analysis of the Sudan- with that of nearby regions that have already

ian species in Palestine with particular emphasis been analyzed, e.g., the Saharo-North African

on the affinities of those elements to the Eritreo- Region studied by Monod (1957), Ozenda (1 977),
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Quezel (1958, 1965, 1978), and others as well as

recent general studies of the vegetation of Africa,

such as those by Knapp ( 1 973) and White (1976,

1983), and of nearby regions including Iran

(Hedge & Wendlebro, 1978) and Arabia (Man-

daville, 1984).
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The Dead Sea Rift Valley (Fig. 1), which is

subdivided into the Jordan Valley and the Arava

Valley, is part of the northern section of the Syr-

ian-African Rift that extends from northern Syr-

ia southwards through the Red Sea, terminating

in East Africa (Garfunkel, 1970, Freund & Gar-

funkel, 1978). This rift is a relatively new feature

that has been slowly widening since Oligocene-

Miocene times (Freund 1965, Freund et al., 1 970).

During this period, the Arabian Peninsula and

Jordan have moved at least 40 km northwards

with respect to Egypt, the Sinai, and Israel (Freund

et al., 1968). Since the Pliocene, this movement
has led to the concomitant formation of a deep

rift so that the rivers that once drained from

Transjordan into the Mediterranean Sea now
drain into the Dead Sea Rift from Dan in the

north to the central Arava in the south.

The Dead Sea Rift is defined by two large fault

systems running in a north-south direction that

border it on the west and east. These systems xerophytic desert vegetation in the rain-shadow

have caused the formation of large cliffs and steep area of the Judean Desert penetrates as far north

inclines on either side of a deep depression (Gar- as Wadi Auja, and Irano-Turanian steppe vege-

funkel & Horowitz, 1966; Neev& Emory, 1967), tation penetrates up to the Mt. Gilboa area.

450 mm

Figure 2. Dominant phytogeographical regions

within the Dead Sea Rift Valley (modified after 2^hary,

1973) and mean annual rainfall isohytes.

Climatically, this depression constitutes a rain- Because the flora and fauna inhabiting the

shadow desert, the intensity of which is deter- slopes descending to the Dead Sea Rift Valley

mined by the abrupt difference in altitude (ca. have also been influenced by the sharp depres-

100 m) between the valley floor and the moun- sion of the Syrian- African Rift, these slopes are

tains to the west, beyond which most of the rain considered part of the Dead Sea Rift Valley for

fronts originate. this paper. Like other typical geomorphological

Rainfall throughout the Middle East decreases depressions, the Dead Sea Rift includes wide al-

from north to south, and the precipitation gra- luvial valleys, some draining to the Red Sea and

dient in the area under discussion decreases from some with underground drainage systems in

600 mmannually in the Dan area in the north which salt marshes and saline springs have

of Israel to 27 mmin the Eilat area in the south formed. Large fault and contact springs have led

(Anonymous, 1970). In keeping with this, dis- to the formation of extensive oases that are char-

tinct changes in vegetation zones are observed, acteristicofthefaultescarpmentarea. Thus, four

from the extreme xeric vegetation in the Arava habitat types exist in the Dead Sea Rift that can

(south) through the steppe vegetation in the Jer- support Sudanian floristic (and faunal) elements,

icho-Beit Shean area (central) to the Mediterra- as will be discussed in detail below. The great

nean vegetation in the Hula Valley area (north) majority of Sudanian species occurring in Israel

(Fig. 2). The more intense the rain-shadow formed are found in one or more of these habitats.

in the Dead Sea Rift Valley the further north the Outside the Dead Sea Rift, a smaller number

xeric vegetation zones penetrate. Accordingly, of Sudanian elements are found in a variety of
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habitats throughout the low-lying plains and val- central and upper Jordan Valley (Horowitz,

leys of the coastal and inland regions. The two

important outlying districts that support Sudan-

1979).

During the Pleistocene, extreme fluctuations

ian elements, i.e., the Dead Sea Rift and the between rainy and dry periods occurred in the

coastal plain, are separated by the mountainous subtropical belt. During the last cycle it was cold-

regions of Judea, Samaria, and the Galilee (Fig. er and rainier in Israel than at present by some

2). However, a sparse transitional zone does exist 3-4*'C in temperature and an undetermined

between the two in southern Israel from the Ara- amount of less average annual precipitation (Ho-

va Valley through the northern Negev to the rowitz, 1979).

coastal plain. Moving north and west along this Following the end of the Wuramperiod in the

transitional zone, the Sudanian elements are in- Middle East about 17,000 years ago (Bar Yosef,

creasingly restricted to distinctly thermic habi- 1975), a trend towards warmer, drier conditions

tats such as southern exposures. The abundance began, reaching present levels by about 8000 B.C.

of these elements decreases along the zone with Since then, during the Holocene, very few major

the exception of the hydrophilic species, which climatic changes are believed to have taken place

are most abundant in the coastal plain.

The Paleogeographv and Paleoecology

OF THE Dead Sea Rift Valley

(Horowitz, 1979). Around 6000 B.C., a brief hy-

perthermic period occurred and approximately

4000 B.C., a colder one (the Atlantic period) (Nir

& Bar Yosef, 1976).

Until the Pliocene, the Dead Sea Rift Valley

During the Eocene a tropical climate prevailed was a shallow depression that did not interfere

in the latitudinal subtropical belt of the world with the flow of rivers from Transjordan to the

(Zohary, 1973; Axelrod & Raven, 1978). As a Mediterranean Sea (Garfunkel & Horowitz,

result, tropical vegetation dominated in the Med- 1966). Since then, the drastic deepening of the

iterranean basin and as far north as central Eu- Dead Sea Rift by faults on both sides resulted in

rope and England as indicated by fossilized leaves the formation of the Judean Desert area, a rain-

and fruits of tropical trees found in those areas, shadow desert, and the thermophilic, arid-trop-

These fossils belong to the paleophytogeograph- ical conditions of the Dead Sea Rift Valley, par-

ical Laurosilvia geoflora (Takhtajan, 1969; Zo- ticularly around the Dead Sea (Neev & Emory,

hary, 1973). The tropical forests of southeast Asia

are the largest and most representative areas in

1967).

This historical geographical description has

which elements of this vegetation have survived been derived from geological and geomorpho-

today (Zohary, pers. comm,; Thorne, pers. logical evidence and not from direct botanical

comm.). evidence. Israel is extremely poor in plant fossils:

Great changes took place during the Miocene the only two finds in this field after the Mesozoic

(Axelrod, 1975). Along with the Alpine orogen- era are leaves of tropical species found in Mio-

esis, desertification and disintegration occurred cene formation in the Yemin Plain and Hatzeva

in the subtropical belt, and the tropical vegeta- (Lorch, 1966). This suggests that the climate in

tion retreated towards the equator. At this time, that period in the Negev and Dead Sea Rift was

the Tethys Sea, which had covered large areas of more tropical. Zoological evidence from the

the Middle East and central Asia, shrank and Miocene-Pliocene period is also rather poor but

was replaced by large steppe areas (Tchemov, increases from the end of the Pliocene to the

1975). The process of desertification continued present (Tchemov, pers. comm.).

throughout the Pliocene, which was, however, a

Definition and Delineation of the

Sudanian Phytogeographical Region

The Sudanian phytogeographical region con-

much colder period than the Miocene. The prin-

cipal development of the steppe flora of central

Asia (including many Chenopodiaceae, Arte-

misia, and other typical Irano-Turanian repre-

sentatives) is believed to have occurred then. This stitutes one of the most problematic in the Old

flora penetrated to north Africa through the Mid- World in terms of classification and delineation,

die East and reached the coast of the Spanish Grisebach (1884) classified all of tropical Africa

Sahara. During the Pliocene a branch of the Med- as a "Sudanian" zone. Subsequently, throughout

iterranean Sea penetrated through the Jezreel the last century, there have been several attempts

Valley of Israel and formed a saline lake in the to further delineate the arid and semi-arid re-
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Figure 4. Distribution map of Calotropis procera

that represents a typical Sudanian distribution (sensu

Zohary, 1973).

Figure 3, Phytogeographical regions relevant to the

"Saharo-Sindian region." For simplicity, Zohary

called the results of this switch the "Sudanian"

and "Saharo-Arabian" phytogeographical re-

gions, respectively (Figs. 3, 4).

Gruenberg-Fertig (1954) and Monod (1957)

also questioned the affinity between the Deccan

flora and that of the Saharan and Arabian re-

study area (modified after Zohary, 1973). Note the gions. Both of these authors commented on Eig's

striking penetration of the Sudanian elements north-

ward along the Dead Sea Rift Valley.
own recognition of the relative individuality of

the flora of the semi-arid Deccan Peninsula as

compared with the rest of his "Sudano-Deccan-

gions in Africa and relevant regions of the Middle ian region." In 1 965, Meyer-Homji categorically

East and the Indian subcontinent (Engler & rejected the validity of a "Sudano-Deccanianre-

Drude, 1896; Chevalier, 1938; Eig, 1938; Good, gion" and proposed instead a "Sudano-Raja-

1964; Meyer-Homji, 1965;Burtt, 1971; Zohary, sthanian region," because "it is the semi-arid

1973; Werger, 1973; Wickens, 1977; Werger & Rajasthan which offers closer analogies with the

Coetzee, 1978; Hedge &Wendlebro, 1978; Wal- Sudan region, by consideration of the bio-cli-

ter, 1979; White, 1967, 1983; Mandaville, 1984). matic conditions and the ombrothermic dia-

Eig (1938), who was the first to study in detail grams." More significantly from our point of view,

the phytogeographical regions of and relevant to Meyer-Homji (1965) showed that "the strength

the Middle East, defined a "Sudano-Deccanian of the so-called Sudano-Deccanian element in

region" that included a relatively narrow belt in the entire southern

west Africa and a much broader portion of east eluding the Deccan, is only 2.6%," while in the

and northeast Africa, thence across the Red Sea, northern semi-arid zone (i.e., Rajasthan and ad-

around coastal Arabia, and eastward to the Dec- jacent parts of Gujerat and Punjab), "it is two

can Plateau in central India. Concomitantly, he times higher (5.6%)."

combined the region of Sind (western Pakistan), Unfortunately, in the sam<

northwest India (principally Rajasthan), and parts (1965) supported the use of

of Baluchisthan and southem Iran with the hy- Sindian" to combine the S

per-arid Sahara Desert that lies roughly in the with Sind sensu stricto, that is, the Indus River

same latitudes. This broad region he called "Sa- Valley to the west of Rajasthan. Thus, additional

paper Meyer

Eig's term "5

iharo-Arabia

haro-Sindian." concerning

Zohary (1945, 1963, 1973) revised Eig's scheme the macro-regions in question.

by combining the "Sindian" region with the Af- Eig's term "Saharo-Sindian" was again re-

rican and Arabian parts of Eig's "Sudano-Dec- vived in a recent paper by Hedge and Wendlebro

canian region," while including the Deccan Pen- (1978) dealing with southem Iran. These authors

insula in the Saharo-Arabian portion of Eig's argued moreover, that this term should also be
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bution of the basically tropical elements under

discussion, it is not at all surprising to find ''Su-

danian" elements intermingling with the nu-

merically more significant eremaic Saharo-Ara-

bian and/or other local elements. In Israel the

same situation is found, as will be described in

detail below.

Within Africa itself, White (1983) has con-

firmed the existence of a "Sudanian regional cen-

ter of endemism,** one of only seven such centers

that he recognizes for the entire continent (he

points out that it is the "least unambiguously

defined" of the centers of endemism by his cri-

teria). By contrast, the Sahelian region is treated

by White as one of a number of regional tran-
Figure 5. The genus Hyphaene, which represents ^^^-^^^j ^^^^^^ "showing gradual replacement of

one flora with another that is little complicated

by endemism" (White, 1983: 43). Wewill follow

a Sudanian-Zambesian distribution (sensu Werger,

1978). Key: 1 = H, reptans, 2 = H. cohacea, 3 = //.

compressa, 4 = //. petersiana, 5 = H. guineensis, 6 =

//. thebaka, 1 = H, dichotoma, 8 = //. sinaitica (the White in this matter, rather than Chevalier (1938)
only record; the distinction of this taxon from H. the- ^^d Greenway (1970) who recognized a "Sahe-
baica is not recognized by Feinbrun-Dolhan, 1985). ,. ,, tit j r»^ ^

' ^ hen zone per se, or Le Houerou and Popov

(1981) among others who speak of a "Sudano-

used to describe the portion of southern Iran Sahelien zone."

described by Zohary (1973) as "Sudanian." Based Burtt (1971) has emphasized the strong floris-

on their observations in southern Iran, Hedge tic similarity between the semidesert floras of the

and Wendlebro cast doubt on the validity of de- Sudanian region (sensu Zohary, 1973) and those

scribing any of the species in southern Iran as ofthesouthemhalfof Africa. Accordingly, Burtt

"Sudanian elements.** Instead, they maintained recognized an amalgamated "Sudano-Zambe-

that most of the prominent species grouped by sian phytogeographical region," which was sup-

Zohary, Eig, and others under the rubric of "Su- ported and discussed in more detail by Werger

danian elements" could be better classified as (1973) and Werger and Coetzee (1978) (see Fig.

"east-west tropical African/ Arabian" elements 5). It is worth noting that this concept corre-

(Hedge & Wendlebro, 1978: 456). "The species sponds with Engler's original scheme of 1879-

of this element," they wrote, "are very widely 1882. We realize that strong affinities exist be-

dispersed with no clear pattern other than being tween the semidesert and savanna floras of the

widely dispersed in subtropical and tropical parts southern and northern halves of Africa and

of the Old World. In Iran, they grow quite in- therefore acknowledge the validity of Burtt's ter-

termixed with the species of the north African/ minology. Weargue, however, that given the cur-

Arabian element," which is the name they pro- rent sketchy state of knowledge, phytogeographic

posed in place of Zohary's "Saharo-Arabian" delineation in Africa is still largely a matter of

elements. perspective and individual opinion. Until a care-

In striking contrast, Mandaville (1984) re- ful computerized analysis can be undertaken of

cently offered strong support for Zohary's phy- the floristic and genetic components of the var-

togeographic terminology, including the concept ious regional floras under discussion, no hard

ofa "Sudanian" group of elements. He even went and fast nomenclature can be agreed upon. In

so far as to propose an extensive enlargement of the meantime, we choose to follow Zohary's and

the territory delineated by Zohary as "Sudanian" White's general concept (if not all specific details)

in Arabia. According to Mandaville (1984), not of the Sudanian phytogeographical region. We
just the coastal regions, but nearly two-thirds of choose this course not only for practical reasons

the Arabian Peninsula should be classified as but also to provide historical continuity.

"Sudanian," at the expense of the "Saharo-Ara-

bian" territory as defined by Zohary (1973).

In contrast to the lack of agreement on the

delineation of the phytogeographical regions un-

We believe that outside of Africa, and most der discussion, there is overall agreement con-

certainly on the temperate fringes of the distri- ceming the zoogeographic regions (Bodenhei-
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mer, 1935; Udvardy, 1969). Two separate Moringa peregrina, Capparis decidua, Lepta-

zoogeographical regions are consistently distin- denia pyrotechnica, Ochradenus baccatus, and

guished in the Old World: the Ethiopian region Periploca aphylla.

in Africa and the Oriental region in Asia. Many of the trees have an umbrella shape,

It is important to emphasize here the striking which is most striking in Acacia— the dominant

difference between the phyto- and the zoogeo- genus of the Sudanian savannas. Xerophytic vines

graphic regions as defined by biogeographers are occasionally found climbing on the savanna

concerned with the Old World, for it reflects a trees (e.g., Cocculus pendulus, Commicarpus ^nd

major distinction between the macro-distribu- Boerhavia spp., asclepiad vines such as Oxystel-

tion of animals and plants in the area. Whereas maesculenta as well as various perennial cucur-

bits).

The Sudanian flora in the Dead Sea Rift is

a relatively strong line of demarcation apparently

exists between the respective faunas of the Af-

rican and Asian continents, no such division ex- typical in its arboreal elements but unusual in

ists between the two floras. lacking a continuous grass cover between the trees.

Above all, we wish to emphasize that our ob- Some Sudanian grasses do occur there— species

jective here is not to delineate a Sudanian phy- oi Pennisetum, Cenchrus, Cymbopogon, Ennea-

togeographic region in Israel, in our view, such pogon, and others. But the overall aspect of the

an effort is unjustified. Instead we are concerned vegetation type in the Dead Sea Rift is best de-

with the occurrence, distribution, and ecological scribed as a pseudo-savanna, owing to the scar-

behavior of the relatively limited number of Su- city of perennial grasses. Moreover, a wide range

danian elements that reach our study area. By of non-Sudanian, desert chamaephytes belong-

the same token, we have no desire to enter into ing to the Saharo-Arabian phylogeographical re-

taxonomic disputes. With very few exceptions, gion intermingle with the Sudanian elements,

we follow the taxonomy given in the "Flora Pal- creating a kind of bi-regional patchwork or mo-
estina" and other published floras (Zohary & saic. In the hammadasor regs and other portions

Feinbrun-Dothan, 1966-1974; Feinbrun-Do- of the Dead Sea Rift where no suitable habitats

than, 1978, 1985) even where it is clear that fur- occur for Sudanian elements, the Saharo-Ara-

ther taxonomic revision is required.

Typical and Key Determinants of the

Sudanian Elements

The Sudanian zone as a whole is typified by

plants of tropical origin that have acquired one

or more adaptations to relatively hot and arid

conditions, yet retain higher demands for mois-

ture than true desert species. The characteristic

vegetation type is the savanna— low, open forests

bian elements dominate (2^hary, 1962). The
same pattern is apparently also found in west

and north Africa (Quezel, 1965, 1978).

Statistical Analysis of the Sudanian

Flora in Israel in Relation to

Growth-forms, Taxonomy, and
Global Distribution

A statistical analysis of the flora of Israel (ac-

of small trees and large shrubs with perennial cording to Zohary & Feinbrun-Dothan 1966-

grasses dominating the open spaces between them 1974; Feinbrun-Dothan, 1978, 1985, pers.

(Shmida, 1982). The trees are typically multi- comm.) shows that 157 plant species, out of a

stemmed with sparse, open canopies. Many of total of 2,173 (i.e., 7.2%), belong at least partially

them are spiny, with small compound, xero- to the Sudanian phytogeographic region. Of these,

morphic leaves. Some are evergreen (Balanites, 116 species, or 68.8% of the subtotal, are con-

Maerua. Boscia, Salvadora, and some Ziziphus sidered to be predominantly Sudanian in distri-

species) and some are drought-deciduous (e.g., bution, sensuZohary (1973) (Table 1). This rep-

Acacia, Albizia, and Commiphora (species), resents about 5.3% of the total Israeh flora; it is

Many are characterized by a reduced leaf area, on this group of 1 1 6 species that all further sta-

with green stems assuming some of the photo- tistical analysis will be based.

synthetic function. In retamoid (broom-like) Most of the species accepted here as Sudanian

shrubs this adaptation is most prominent— the show either a straightforward Sudanian distri-

plants being leafless throughout most of the year bution or chorotype (55.1%) or a bi-regional Su-

while the stems become the primary photosyn- danian-Saharo- Arabian chorotype [10.3% (SU-

thetic organs. Some examples of this group are SA) + 18.1% (SA-SU) = 28.4%]. In both of these
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Table 1. Phytogeographical analysis of the Sudanian elements in the flora of Israel and their growth forms

[data from the "Flora Palestina" (Zohary & Feinbrun-Dothan, 1966-1974; Feinbrun-Dothan, 1978, 1985) with

corrections].

Cham- Hemi-

An-
nual/

Facul-

tative

Chorotype a

Num-
ber

Per-

cent

ae- crypto- An- Peren-

Trees Shrubs phytes phyte nual nial Vine
Para-

site

1.6Sudanian

Sudanian-Saharo- Arabian

Sudanian-Tropical

Sudanian-Mediterranean

Sudanian-Irano-Turanian

Pluriregional

Saharo-Arabian-Sudanian

Total

64

12

9

3

3

4

21

116

55.1

10.3

7.7

2.6

2.6

3.5

18.1

100.0

17.2

11.1

18.7

11.1

25.0

31.3

33.3

4.0

6.2

22.2

4.0

33.3

33.3

14.1

11.1

16.0

33.3

3.1

25.0

33.3

66.6

19.1

15.5

4.8

16.4

33.3

26.7

25.0

19.1

11.2

25.0

9.5

15.5

25.0

14.3

7.7

7.8

IM

25.0

5.2 1.7

Chorotype = distribution, sensu Zohary (1973).
** 17.2 here refers to the percent of species of a particular growth form within the total number of species within

the chorotype group, e.g., 1 1 trees/64 Sudanian = 17.2%.

groups, the high percentage of trees, shrubs, and monotypic. Overall, the mean number of Su-

chamaephytes is especially notable. danian species per genus among Sudanian ele-

Of the eight families most abundant in Su- ments in Israel is 1.30, which is quite low relative

danian elements in the flora of Israel, five fam- to the mean number (3.05) of species per genus

ilies show significantly higher importance than within the entire flora of Israel.

the reference (meaning a greater percentage con-

tributed by the family in the total number of

species in the Israeli flora; see Table 2). These

are Chenopodiaceae (5.2% versus 3.2%), Eu-

phorbiaceae (5.2% versus 1.6%), Zygophyllaceae

Distribution and Ecology of Sudanian

Elements in the Dead Sea Rift Valley

The environmental conditions that support

(4.3% versus 0.9%), Asclepiadaceae (6.9% versus Sudanian vegetation in the heart of the Sudanian

0.7%), and Capparaceae (6% versus 0.4%). The region in east Africa and the Thar Desert are

last four of these families have tropical diversity high ambient temperatures during the growing

centers (Ozenda, 1977). The higher representa- season, a relatively warm, frost-free winter, and

tion of the Chenopodiaceae in the Sudanian flora two rainy seasons. The rains come in spring and

than in the reference is perhaps related to the autumn, with total annual rainfall averaging be-

large number of pluriregional chorotypes in this tween 250 and 500 mm(Walter, 1979; Zohary,

family. 1 973). In the west African region alternately called

The lower portion of Table 2 reveals the neg- Sudanian or Sahelian, a single rainy season oc-

ligible representation of a few typically temperate curs in summer, with precipitation averaging 75

families in the Sudanian flora of Israel. While to 400 (to 500) mmper year (Wickens, pers.

the Rosaceae, Ranunculaceae, and Apiaceae have comm.).

no Sudanian representatives in Israel whatso- The first mentioned determinant of the distri-

ever, the Brassicaceae contribute three Sudanian bution of Sudanian elements— high year-round

species, which account for 2.6% of the total Su- temperatures— is found in Israel primarily in the

danian flora in Israel, Dead Sea Rift Valley. Accordingly, assuming

Although a total of 92 genera in 40 families successful dispersal of diaspores from the Su-

are represented, very few genera show large num- danian region to the Dead Sea Rift, or their pre-

bersofspecies with predominantly Sudanian dis- existence there in the past, Sudanian elements

tribution. Only Acacia has four species in the should be found in those habitats in the Dead
group. Five genera have three species each: Com- Sea area with moisture regimes similar to those

micarpus, Capparis, Cleome. Moretia, and of the main Sudanian region. However, such

Tamarix. Ten genera are bitypic and 76 are habitats are relatively very small and scattered.
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Moreover, they are specialized habitats that dif- Table 2. Relative importance of species numbers

fer ecologically from the true savanna environ- within the important families of the Israeli flora and

ments of the Sudanian region in Africa. the Sudanian elements within them."

Family

PRINCIPAL HABITATS OF SUDANIANELEMENTS

IN THE DEADSEA RIFT

(1) Pseudo- savanna in wadi beds and flood

plains. In the large wadi beds of the Arava Val-

ley, Acacia species (A. tortilis and^. raddiana

sometimes described as A, tortilis subsp. raddi- Papilionaceae

ana) dominate the landscape, and a variety of Compositae
xeric desert species are interspersed among them. Gramineae

We define pseudo-savanna as an association Chenopodiaceae

dominated by large savanna trees that can tap Euphorbiaceae

the deep year-round ground water available in Zygophyllaceae

the wadi beds, but which is virtually lacking the Asclepiadaceae

understory of drought-resistant perennial grasses
Cappandaceae

Species in

Israel with

Predominantly

Sudanian
Distribution^

Num- Per-

ber cent

Total Species

in Israel

Num- Per-

ber cent

9

4

9

6

6

5

8

7

7.7

3.4

7.7

5.2

5.2

4.3

6.9

6.0

264

246

208

70

34

20

15

8

12.1

11.3

9.6

3.2

1.6

0.9

0.7

0.4

typical of a true savanna. Instead most of the

associated species are xeric desert shrubs and

annuals such as Zilla spinosa, Moricandia ni-

Brassicaceae

(Temperate)

Apiaceae

(Temperate)

3 2.6 115 5.3

93 4.3

tens, Anabasis articulata, and Achillea fragran- Rununculaceae
tissima, all of which belong to the Saharo- Ara- (Temperate) 45 2.1

bian phytogeographic group. The non-arboreal Rosaceae

Sudanian elements, as well as most of the shrubs

and vines, have migrated up to the cliffs and

(Temperate) 21 I.O

* The two columns of the table do not total 100%,

rocky sites on either side of the Rift Valley. It is because not all the families are included.

important to emphasize that these pseudo-sa- ^ The total number of species in Israel with a pre-

vannas do not cover large areas as they do in
dominantly Sudanian distribution is 1 16.

^ ^ . , ^ , , . , number ^
Afnca but are confined to relatively narrow water

Israelis 2 173
courses in flood plains. Zohary (1945) suggested

the term "gallery forest" to describe this asso-

ciation; since this term has been extensively used Some of these species are obligate chasmo-

to describe riparian vegetation on the border of phytes and they (or vicarious species) grow only

the humid tropics (see Wickens, 1977: 30-3 1), on cliffs even in the Sudanian region proper. Ex-

we propose a new term— "Arterial Desert Sa- amples of these Sive Sonchus suberosus and Car-

vanna" for the pseudo-savanna described here, alluma spp. Some species that occur only on

In essence, this term corresponds to the "savane rocky cliffs in the Dead Sea Rift, however, grow

desertique" of Quezel (1965). as scrambling climbers supported by Acacia and

(2) Cliff and rock formations. Small rock other trees on non-rocky ground in the east Af-

crevices, outcrops, and rocky slopes facing south rican savannas. The outstanding example is Coc-

and east, characterized by warm conditions and cuius pendulus; other examples are found in

a relatively stable water regime, support numer- Ephedra and the Commicarpus/Boerhavia com-

ous Sudanian elements, including small shrubs plex. In these cases, the habitat of the Sudanian

(e.g., Ephedra foliata), dwarf shrubs (Abutilon plants has shifted in the more arid environment

frutescens), and perennial grasses (e.g., Tetra- of the Dead Sea Rift so that their growth con-

pogon villosus). In addition, large cliff" faces in ditions, in terms of temperature and water, re-

the fault escarpment along either side of the Dead main relatively unchanged.

Sea Rift and scattered throughout the Negev and However, for at least a few of the scandent

Sinai provide moist, thermic conditions that species (e.g., (9xy5/^/ma^//?/«/), the shift to rocky

support many of the Sudanian species occurring habitats also represents a shift in growth con-

in the area. Important examples are Capparis ditions. In such circumstances, we can say that

cartilaginea, Periploca aphylla, and Cocculus a niche shift has taken place— a well-known zoo-

pendulus logical phenomenon (MacArthur, 1972) but one
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Figure 6. Mean annual rainfall and average daily temperature and average maximum temperature along

the Dead Sea Rift axis.

so far almost unnoticed in botany (Cody & Moo- saline depressions are Saharo-Arabian elements;

ney, 1978). only a few Sudanian taxa are present, yet they

(3) Oases. The largest concentration of Su- are prominent. The species worth noting are

danian species is found in the moist habitats of /'

oases. Species existing in these conditions enjoy These species belong to a peculiar phyto-geo-

both high temperatures and a relative abundance graphical group (Zohary, pers. comm.) distrib-

of water. Here can be found arboreal Sudanian uted from central Asia all the way to South Af-

species generally uncommon in the Dead Sea

Rift due to the rarity of oases. Around the Dead
throughout

Zambesian)

Sea, the major large oases are Ein Gedi, Safi, and to it. It is unclear whether their center of origin

Kallirhoi. Sudanian species non-existent in other is Irano-Turanian, Sudanian, or South African.

parts of the Levant (Israel, Lebanon, Syria, and They might even represent part of the "paleo-

Jordan) grow in these oases. Worthy of mention Welwitchia flora" that connected the ancient

are Maerua crassifolia, Capparis decidua, Acacia deserts of Asia and Africa (Zohary, 1973).

laeta, and Cordia sinensis. Two additional ancient elements of tropical

(4) Warm salines. The geomorphological origin that are concentrated primarily in these

structure of the Dead Sea Rift gives rise to un- saline habitats are the sole two palm species that

drained depressions ("Ka''— Evenari et al., 1982) occur in Israel. The first is the doum palm Hy-

with permanently high ground water where sa- /?/za^A?^//ze6a/ca that, in Israel, grows exclusively

lineconditionsoccur. In addition, saline habitats in the high-groundwater salt marshes of the

occur around the Dead Sea near springs and al- southern Arava and along the Gulf of Eilat. The

luvial fans of large wadis (Zohary, 1945; Zohary second palm species of Sudanian origin is the

&Orshan, 1956). date palm Phoenix dactylifera, whose center of

The majority of the species occurring in these origin has been a subject of controversy for cen-



1986] SHMIDA& ARONSON-SUDANIANELEMENTS 11

if)

Q)

O
CD

if)

O

Ul

c

o

100 200 t
300 t

Eilat Jothveta Hatzeva Ein-Gedi Jerico Tirot-Zvi Degonia

400
A

Daf no

South Geographical Distance (km) North

Figure 7. Sudanian species diversity along the Dead Sea Rift axis.

tunes. As a result of human introduction, cul- along the length ofthe Dead Sea Rift. Progressing

tivated or feral P. dactylifera is now found in south from the Dan Valley, the mean annual

virtually every desert oasis in Africa, the Middle precipitation decreases from 600 to 27 mmat

East, and adjacent regions (Chevalier, 1938; Zo- Eilat (Anonymous, 1970). In contrast, the mean
hary & Spiegel-Roy, 1975). However, through- temperatures ofthe warmest and coldest months

out the Saharo-Arabian and Sudanian regions of increase from 36.4 to 40.2°C in the north and

its present range, it is almost impossible to dif- from 7.8 to 10. TC in the south (Anonymous,

ferentiate between natural and introduced pop-

ulations. In some ofthe salines where the species

1970).

As described in the preceding section, in areas

occurs in the Dead Sea Rift Valley, the popula- with insufficient rainfall, the existence of spe-

tions may well be subspontaneous, i.e., escapes cialized micro-habitats with improved water re-

from cultivation, but we assume it is indigenous gimes, combined with the ability ofthe Sudanian

to the area and not an introduction from far away elements to undergo habitat shifts can in part

(Zohary, 1982). The salt marshes at Neot compensate for the overall paucity of precipi-

HaKikkar and in the Beit Shean Valley might be tation (Boyko, 1 947). However, the thermophilic

typical ofthe kind of natural habitat from which Sudanian elements can only partially contend

the date palm was originally dispersed to other with low temperatures such as are found north

saline and freshwater springs in nearby desert of the Jerusalem-Jericho line, by contracting to

southern exposures with increased insolation.

Thus, from the standpoint of temperature ad-

aptation, the number of Sudanian species should

increase to the south; however, the opposite is

true in terms of rainfall requirements. The find-

ing that the overall number of Sudanian species

Figure 6 illustrates the opposing gradients of along the Dead Sea Rift decreases from south to

mean annual temperatures and precipitation north, both absolutely and in relation to the total

areas.

DISTRIBUTION PATTERNSAS FUNCTIONSOF

ENVIRONMENTALCONDITIONS ALONG
THE DEADSEA RIFT
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I, Hyphaeno thebaica

2 Calotropis procera

3. Balanites aegypfioca

4. Moringo peregnna

5 Salvdora persica

ZiZiphus spino-

-christi

Calotropis procera

Phoenix dactyhfera

Balanites aegyptiaco

Salvodoro persica

Moringo peregrino

Acacia raddiona

I Acocio lortilis

RD

HyphoeoQ smoitico

Figure 8. Northern distribution borders of typical

arboreal Sudanian elements in the Dead Sea Rift. RA—
Arava region, RD—Dead Sea region, RL—Lower Jor-

Ipomoea cairica

2^^Loranthu5 acaciae

^Perij)loca aphylla

Abutilon indicum

RL Ochradenus baccatus

Grewia villosa

*_.p. Maerua crassifolia

Cassia italica

Copparis cartilaginea

Copporis decidua

Figure 9. Northern distribution borders of small

dan Valley, RU- Upper Jordan Valley, RH-Huleh shrubs and woody vines in the Dead Sea Rift Valley.

Valley. Numbers indicate solitary distribution points

of rare Sudanian trees.

probably presents a drastic climatic change

through which none of the Sudanian species have

vegetation cover of the area (Fig. 7), is parallel yet broken. North of the Sea of Galilee there are

to the decreasing temperature gradient from south almost no true Sudanian elements. Accordingly,

to north. the Rift is the world's northern limit (locus ter-

Figures 8 and 9 show several typical Sudanian minus) for most Sudanian species.

species according to their northernmost distri- There is, however, one phenomenon that seems

bution hmit in the Dead Sea Rift. For the pur- to contradict the decreasing gradient of Sudanian

pose of presentation and due to the existence of species from south to north: the population den-

relatively sharp geomorphological climatic bor- sities of certain Sudanian species increase to the

ders along the Rift, we have grouped the plants north from the Dead Sea to Mt. Gilboa, where

according to distribution (Table 3). Most of the the annual precipitation reached 150-300 mm
"Eilat group" are associated with the igneous- (Fig. 2). These species, while rare or completely

metamorphic rock matrix as well as with high absent from the extremely dry Arava Valley south

temperatures. The distribution of the largest of the Dead Sea, are common north of it and

group of Sudanian species ends in the Ein Gedi- even form their own communities and dominate

Wadi Kelt area (about 20% of the Sudanian the landscape. Three distribution groups are

species). This may be related to the especially found among these species: (1) plants growing

high temperature in this area due to the deep near springs, mainly around the Dead Sea, e.g.,

topographical "hole" of the Dead Sea (399 m Salvadora persica, Balanites aegyptiaca, (2) cliff

below sea level) and also to the existence of ap- vegetation such as Periploca aphylla, Sonchus

propriate habitats such as rocky cliffs and oases, tuberosus, and Iphiona maris- mortui, and (3)

Additional Sudanian species end gradually be- plants growing in rock crevices that absorb large

tween the Dead Sea and the Sea of Galilee. The amounts of runoff water, such as Moringa pere-

last topographical barrier, the Corrasim Saddle, grina, Grewia villosa, and Abutilon indicum.

which rises from the Sea of Galilee (-212 m) to These three habitats are more commonaround

the Hula Valley (30-180 m above sea level), the northern end of the Dead Sea (due to its
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special geomorphology) than in other regions of continue southwards to Yemen through the Ara-
the Rift. Thus, the frequency of the habitats here bian Peninsula, but this area is one of the least

can explain the "abnormar' abundance of the investigated in the Old World, and no data are

Sudanian species around the Dead Sea itself

RIFT

Spec

high

available.

Table 4 presents the list of species endemic to

the Dead Sea Rift. Only four of them are of cer-

tain Sudanian origin and they are limited to the

Sdom-Wadi Kelt area. Thirteen species are en-

demic to the Dead Sea Rift and the Judean Des-
speciation (Stebbins, 1952, 1971) so that an an- ert and are not of Sudanian origin but derived
cient population cut off from its principal area from other, nearby phytogeographic regions. Most
of distribution for thousands or even millions of of the endemic species (except for Trichodesma
years may differentiate to the species or even boissieri) have allopatric sibling relatives with
genus level. By contrast, a population isolated morphological
for only some hundreds or thousands of years diate populations nearby. Sonchus suberosus
can be expected to differentiate only to the level (Feinbrun-Dothan, 1978) may be another pa-
of forms or varieties, if at all. leoendemic but, owing to its uncertain pre-taxo-

Thus one method for determining whether the nomic position (compare Boulos, 1 962), its taxo-

Sudanian vegetation in the Dead Sea Rift is a nomic-evolutionary position is unclear. This
Miocene pattern

to compare the degree of speciation of Sudanian tion process in the Dead Sea Rift area. If the

species in the Dead Sea Rift Valley with that of populations in this area had been isolated from
(1) related taxa in the Sudanian region of east each other for many thousands of years, clear

species morphological

ical regions growing in the Dead Sea Rift Valley, within pairs of main species. If that were the case,

true rphological

discernible

We
Another rule of thumb used by many bio- tion bel

geographers is that the more ancient and isolated present,

the vegetation in an enclave, the greater the some of the species, the additional evolutionary

chances of finding systematic relicts in it (Shmi- step of sympatric expansion and differentiation

da, 1985). Thus, if Sudanian vegetation has been to different niches. (There are many such ex-

amples recorded for other regions, see Mayr,Miocene
at least some relict taxa with no close systematic 1970; MacArthur, 1972). Yet none of the species

relatives and whose distribution areas do not ex- endemic to the Dead Sea Rift or Sudanian species

tend outside the Dead Sea Rift, should be found, in Israel

This is a phenomenon known from other simi- Amoi
larly isolated regions, such as the Inyo region in eties anc

pattern

shrubs

certainly no species

southern CaUfomia, where many relicts have been Sea Rift have been found, with the sole exception
recorded (Reveal, 1 976; Raven, 1 977). For a de- of Maerua
tailed probability analysis of these two biogeo- hary, 1955). However, it is worth remembering
graphic rules see Shmida (1985). that the speciation process of arboreal species is

Wefind systematic relicts almost totally absent slower than that of herbaceous and annual ones
from the area. This fact is striking in view of the (Stebbins, 1971; Davis & Heywood, 1 963). Most
seemingly ideal conditions for speciation in which of the arboreal Sudanian species in Israel have
the various Sudanian species occur in the Rift very large geographic ranges, from the southern
Valley (small, remote, and disjunct populations Sahara through southern Arabia to southern Iran

subject to extreme desert stress, see Stebbins, and India (Fig. 2). Examples are Calotropis pro-

1952), A poss\\AQQXQQY>Xion is Trichodesma boiS' cera, Capparis decidua. Cassia italica, Grewia
sieri, a chasmophyte endemic to the region be- villosa, Maerua crassifolia, and Ochradenus bac-
tween Ein Gedi and Mt. Gilboa. This species is catus. Some of these taxa spread even further

unrelated to others in the genus found in the south along the east African savannas to South
Dead Sea Rift and Sinai {T. africana and T. eh- Africa (Werger, 1978). The distribution of the

renbergii) and is probably both a systematic and genus Moringa (Fig. 10) exemplifies this distri-

geographic relict. Trichodesma boissieri may bution pattern. The distribution maps of the ge-
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Table 3. Geographical distribution of some Sudanian elements in Israel."

Eilat District

Anticharis glandulosa

Astragalus sparsus

Cassia senna

Cleome chrysantha

Cometes abyssinica

Eremopogon foveolatus

Glossonema boveana

Hyphaena thebaica

Lindenbergia sinaica

Monsonia heliotropioides

Moretia canescens

Otostegia schimperi

Pterogaillonia calycoptera

Pycnocycia tomentosa

Seetzenia orientalis

Tephrosia nubica

Northern Limit of Distribution in the Dead Sea Rift

Hatzeva District

Bothriochloa ischae-

mum
Crotalaria aegyptiaca

Laisiurus scindicus

Leptadenia pyrotechni-

ca

Leysera leyscroides

Pentatropis spiralis

Oxystelma alpini

Tephrosia apollina

Dead Sea (Ein Gedi)

District

Abutilon hirtum

Acacia tortilis

Capparis decidua

Cleome droserifolia

Convolvulus glom-

erat us

Cordia sinensis

Grewia villosa

Hibiscus micran-

thus

Maerua crassifolia

Pergularia tomento-

sa

Pulicaria inuloides

Stipagrostis hirti-

gluma

Zygophyllum sim-

plex

Jericho-Wadi Kelt

District

Abutilon fruticosum

A. hirtum

Acacia raddiana

Aerva persica

Aizoon canariense

Chrozophora oblongifolia

Cleome amblyocarpa

Forsskaolea tenacissima

Iphonia mucronata subsp

maris- mortui

Lavendula pubescens

Moringa peregrina

Ochradenus baccatus

nus Balanites (Fig. 1 1) and Salvadora (Fig. 12)

illustrate different kinds of distribution patterns

within the Sudanian group.

In conclusion, the extant environmental and

genecological conditions in the Dead Sea Rift

Valley are potentially ideal for speciation (Steb-

bins, 1952; 1972). The Sudanian species there

are represented by small isolated populations,

separated by thousands of kilometers from their

center of distribution in east Africa. In compar-

ison to prevailing conditions in the east African

savannas, many of the habitats of these species

have changed drastically, and the species survive

under extremely arid climatic conditions. All

these factors are indicative of exceptionally strong

selective pressures that should have led to rapid

speciation within the isolated populations (Steb-

bins, 1972). However, just the opposite has oc-

dlstribution and ecology of the

Sudanian Elements in Israel Outside

THE Dead Sea Rift

The distribution of a few Sudanian species in

Israel is not limited to the Dead Sea Rift and the

thermic wadis of the Negev but also extends into

the Mediterranean region (see Fig. 2). These more

widespread species represent only about 10% of

the Sudanian elements in Israel, but their eco-

logical "behavior" and distribution patterns shed

additional light on the question of the relative

antiquity of all the Sudanian elements in Israel.

The majority of the Sudanian elements occur-

ring outside the Dead Sea Rift are found pri-

marily in disturbed secondary habitats created,

or at least heavily influenced, by human activity.

This fact has led to the formulation of the widely

accepted theory, expressed by Zohary (1973), that

curred in the Dead Sea Rift Valley. Very few ^hese species, once limited to the Arava Valley

species have undergone speciation, and when they \^ the southern portion of the Dead Sea Rift and

have, it is only to the variety or subspecies level. to the few scattered oases and saline marshes in

In contrast, a relatively high rate of endemism the Rift, gradually spread north and west over

occurs in the Judean Desert, which borders the large areas of the country; this expansion was

Dead Sea Rift Valley, consisting mainly of Sa- made possible by the greatly intensified agricul-

haro-Arabian and Irano-Turanian species. These tural and settlement activities of the last century.

distribution and speciation patterns seem to sup- However, some clear and some apparent excep-

tions to this rule are recognizable, namely in the

group of Sudanian aquatic elements and the few
port the argument that the Sudanian elements in

Dead Sea Rift Valley are of recent origin.
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Table 3. Continued.

Northern Limit of Distribution in the

Dead Sea Rift

Beit Shean

District

Sea of Galilee

District

Balanites aegyptia- Bocopa monnieri

ca Calotropis procera

Cucumis prophetar- Commicarpus verti-

urn

Loranthus acaciae

Periploca aphylla

Salvadora persica

Trichodesma boissi-

eri

cillatus

Ipomoea cairica

Species Penetrating into the Mediterranean Region

Fully Integrated

Elements

Aristida sieberiana

Commicarpus afri-

canus

Desmostachya bipin-

nata

Tricholaena teneriffae Epipactis consimilis

Hyparrhenia hirta

Ipomoea cairica

Pennisetum setaceum

Ziziphus spina-christi

Ruderals

Aquatics and
Hygrophiles

Chrozophora

tinctorial

Withania somnif-

era^

Bacopa monni-

eri

Cyperusjemini-

cus

Nymphaea ceru-

la

Vigna lutea

* Only well-documented unambiguous cases are included.
^ These species are included here despite the fact that Zohary (1973) did not record its chorotype as Sudanian,

since its Sudanian vicariads are very close— both geographically and systematically. Therefore we assume that

it is an instance of a recently derived species of Sudanian origin.

species that appear to be fully integrated today and in the northern portion of the coastal plain,

v^ith the predominant Mediterranean vegetation it is winter deciduous (Danin, pers. comm.). We
in the coastal plain. The three groups of the Su- hesitate to call the corresponding areas primary

danian elements— Ruderals, Aquatics and Hy- and secondary habitats for Z. spina-christi, but

drophiles, and Fully Integrated— will be dis- there can be little doubt that the colder areas to

cussed in turn, along with an Anomalous group, the north represent areas into which Ziziphus has

recently spread, and is continuing to spread, par-

ticularly along roadsides and in abandoned fields.

By contrast, the part of the coastal plain where

The most prominent of the Sudanian elements the tree is evergreen may be—together with the

that has rapidly expanded and continues to ex- southern part of the Rift Valley— part of the

pand into disturbed sites outside the Dead Sea species "primary" or natural distribution area in

Rift is the so-called Syrian Christ-Thorn, Zizi- Israel. (For this reason, Ziziphus is discussed

phus spina-christi. The present distribution of again below in the section on fully integrated

this tree, whose edible fruits are dispersed by elements.)

RUDERALS

birds and mammals, includes the valleys of the Several additional ruderal species among the

central plain and Galilee and even some low- Sudanian elements are found in the Gramineae.

lying regions of the central Negev. Within the The Sudanian grasses Hyperrhenia hirta and

Rift, it extends all the way to the Dan Valley, Pennisetum setaceum, to take two major ex-

i.e., farther north than any other Sudanian ar- amples, were formerly limited to southern ex-

boreal element in Israel, However, a striking di- posures in the Rift Valley. As a result of inten-

chotomy occurs within the different portions of sified human activity, they have recently spread

this extended distribution area. In the Rift Valley over large areas of the Mediterranean region (Li-

up to the Sea of Galilee and in the southern part tav, 1967). They are especially dominant along

ofthe coastal plain, Z. 5/7/Aza-c/zm// is evergreen. roadsides in low-lying areas along the coastal

By contrast, in areas north of the Sea of Galilee plain. The northerly penetrations of these grasses
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Table 4. List of the endemic plant species restricted to the Dead Sea Rift Valley.

Vicarious

Species from Chorotype

Which it of the

Probably Parent Type of Distribu-

Endemic Species Originated

A. hebronica

Taxa

Irano-Turani-

Habitat

Thermic slopes

tion and Speciation

1. Anthemis maris- mortui Allopatric distribu-

an tion with gradual

transition

2. Blepharis attenuata B, ci liar is Sudanian Thermic slopes Parapatetic distribu-

tion with transi-

tions

3. Centaurea lanata C. aegyptiaca Saharo- Ara- Rocks & wadis Allopatric distribu-

bian of Judean

Desert

tion, no transition

observed

4. Fagonia grandifolia" F. mollis Saharo-Ara- Slopes of Ju- Allopatric distribu-

bian dean Desert tion with gradual

transition

5. Galium hierochuntinum G. judaicum Mediterranean Rocks & wadi

beds in can-

yons

Allopatric distribu-

tion with gradual

transition

6. Hammadaeigii H. scoparia Irano-Turani- Slopes & collu- Allopatric distribu-

an vium tion with disjunc-

tion

7. Heliotropium maris- mortui H. rotundifolium Irano-Turani- Slope of Judean Allopatric distribu-

an Desert tion with gradual

transition

8. Iphiona maris- mortui^ L mucronata Sudanian Cliffs & rocks Allopatric distribu-

tion with disjunc-

tion of tens of km
9. Kickxia judaica K. acerbiana E. Saharo-Ara-

bian

Cliffs & rocks Allopatric distribu-

tion with gradual

transition

10. Matthiola aspera M. livida Saharo- Ara- Slopes of Ju- Allopatric distribu-

bian dean & Jer-

icho Desert

valley

tion with gradual

transition

11. Podonosma syriaca P. syriaca var.

typica

Mediterranean Rocks Allopatric distribu-

tion with gradual

transition

12. Sonchus suberosus^ S. suberosus ssp.

suberosus

Sudanian Cliffs & canyons Allopatric distribu-

tion with disjunc-

tion of hundreds

of km
13. Reseda maris- mortui^ R. boissieri Saharo-Ara-

bian

Thermic slopes Allopatric distribu-

tion with gradual

transition

14. Silene oxydonta^ 9
* Irano-Turani- In wadi beds ?

15. Suaeda asphaldca ?

dn

Saharo- Ara-

bian-Irano-

Turanian

Chalky slopes No transition

16. Tamarix palaestina 7'. Jordan is Irano-Turani-

an

Wet habitat Allopatric distribu-

tion

17. Trichodesma boissieri 9 Sudanian Rock outcrop-

ping

No transition or al-

lied

" The taxonomical rank of these taxa has recently been lowered to varieties.

^ Very rare.
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45'

30'

15'
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15'

30'

Moringo oJeitera

M peregrina

A other species

^^ Salvadora
persica

S. angustifolia

S- oleoides

Figure 10. Moringa
Figure 12. Distribution map of some Salvadora

spp.
(after Kerauden, 1965).

sites. However, in some cases they also appear

are probably accomplished with the aid of phys- to be well integrated in the oak woodland asso-

iological-biochemical adaptations of new popu- ciation, as will be discussed below.

lations to lower and lower temperatures.

Other examples of savanna grasses turned ru-

deral include Desmostachya bipinnata and Ar-

istida sieberiana. As was mentioned with respect

AQUATICSANDHYDROPHILES

A second group of Sudanian elements found

to Ziziphus spina-chrisd, so again in the grasses, mainly outside the Sudanian enclave of the Rift

a certain transitional character must be exam- ^^^ hydrophilic species. Some of these grow in

ined. Within the Rift Valley most of these grasses swamps or other perennially aquatic habitats (e.g.,

occur strictly in moist habitats, salt marshes, or Cyperus jeminicus, Nymphaea alba, and Vigna

rocky outcrops-or more recently, as weeds in /w?^^/^). Others grow in moist recesses from which

plowed fields and along roadsides. In the warm, they have migrated to cultivated fields (e.g.,

moist parts ofthe coastal plain, where they occur Chrozophora tinctoria, C. plicata. and Commi-

in far fewer numbers, they are found in disturbed ^^^P^ africanus). Those areas of primary wet

habitats in which the water level and channels

can change rapidly and unpredictably are pop-

ulated in part by species pre-adapted to second-

ary habitats such as roadsides and cultivated

45'

30*

15*

Broxburgii

15'

30*

fields

Bolanites
aegypliaca

t Bmaughamii

A B. pedlcillaris

Figure 11. Distribution map of some Balanites

spp. (with the assistance of M. J. S. Sands).

FULLY INTEGRATEDSUDANIANELEMENTS

Desmostachya bipinnata is an important Su-

danian grass that grows in a variety of soils in

the east African savannas (Wickens, pers. comm.)
and in the Thar Desert (Bhandari, 1978). In the

Arava it is dominant in salt marsh and saline

sand communities. Along the coastal plain it oc-

curs in the natural oak woodland community of

Quercus ithaburensis on red sandy loam (Eig,

1946; Zohary, 1955). This thermophilic plant

community also includes additional Sudanian

components such as Aristida sieberiana, Stipa-

grostis obttisifolia, and Ziziphus spina-christi. The
Quercus ithaburensis-Desmostachya bipinnata

association is part of a broad transitional trend
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^

A Acacia gerrardi

ssp. negewensis

subsp qerrardii

Figure 13. Distribution of Acacia gerrardii subsp.

negevensis and subsp. gerrardii (after Halevy, 1971;

Ross, 1966; Wickens, pers. comm.).

a new species ofCeratonia—C, orcothauma was

discovered in isolated, disjunct regions of Arabia

and Somalia providing further indication of a

tropical origin for this genus (Hillcoat et al., 1 980).

Pistacia lentiscus is also reported from the col-

line regions of east Africa (Lind & Morrison,

1 974; Zohary, pers. comm.). At present, the prin-

cipal distribution of both these species is in the

colline belt around the Mediterranean Sea. Yet

they exhibit both systematic and ecological (they

are both evergreen sclerophyllous and thermo-

philic) links to the Sudanian tropical vegetation.

Because the links are usually evident only at the

generic level, Zohary (1955, 1973) assumed that

they were very ancient links going back as far as

the Miocene, when tropical vegetation dominat-

ed the entire Mediterranean region and central

Europe.

from the holarctic to the tropical regions. A
anomalous group

similar transition gradient occurs m North

America, where northern oaks, along with trop- In addition to the three groups described above,

ical Prosopis and Poaceae constitute the '*savan- two additional species should be mentioned that

na" vegetation in parts of southern Texas and conform to none of the above patterns and thc-

southem Arizona (Whittaker et al., 1 979). In this ones. The first of these is Acacia gerrardii subsp.

oak woodland community of the coastal plain is negevensis. The map in Figure 13 shows the dis-

found the only recorded endemic Sudanian tribution of Acacia gerrardii with geographical

occurring subspe

Dead Sea Rifx—Aristida sieberiana. The genetic- generic distribution pattern reveals a remarkable

systematic relatives of this grass species are not degree of disjunction between subspecies negev-

clear, and considerable controversy exists on the ensis in southern Israel and a few sites in south-

endemic status of this taxon (Feinbrun, pers. western Arabia and the more widespread sub-

comm.). Further studies may alter its current sta- species gerrardii in eastern and southern Africa.

tus. Moreover

As mentioned above, both Ziziphus spina- not occur, in Israel at least, in typical Sudanian

christi and some of the grasses belong both to conditions (Halevy, 1970). Instead of occupying

the ruderal group and to the group of fully-in- wadi beds in the Arava Valley, such as are pre-

tegrated species. In fact a Z/z//7/2w^^/?/>za-c/2m//- ferred by Acacia tortilis and A. raddiana, this

//y/?arr/2^^2/a/7/r/a community is recognized along subspecies grows in only a few adjacent wa-

the coastal plain. Zohary (pers. comm.) assumed tersheds in the highlands of the southern Ncgev

that the climax area of this community occurred and one or two sites in eastern Sinai. It appears

in the southern portion of the coastal plain. Due to be adapted to cool habitats, which represents

to intensive cultivation and woodcutting, how- an ecological shift from its primary warm hab-

ever, not many locations remain that can still itats, as seen in Africa. Its restricted geographical

testifytothispresumedclimax vegetation. In the area and lack of penetration to adjacent cool,

northern portion of the coastal plain, it is re- open areas (e.g., the Mt. Ramon Range and the

placed by the Ceratonia siliqua-Pistacia lends- SanteKaterina Highlands in Sinai) are indicative

cus community that dominates the coastal foot- of an extreme relict position in the area. Further

hills. Even in this community where most of the evidence for this view is provided by the anom-

components are typical Mediterranean, the dom- (southem

inant species show a strong Sudanian affinity. For Sinai, Kuwait), which is unlike that of any other

example, Ceratonia siliqua grows wild in the Sudanian species. Significantly, A, gerrardii

mountains of Yemen and clearly belongs to a subsp. gerrardii is also a watershed species

tropical section within its family. Only recently, throughout its range in Africa (see Fig. 13, Wick-
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ens, pers. comm.). Finally, it is worth noting that

the Jordan Sparrow, Passer moabiticus, exhibits

a similar disjunct pattern, occurring only in Is-

rael, Jordan, and the Persian Gulf region (Boros

& Horvath, 1954; Kumerlove, 1971).

The second anomalous species \s Acacia albida

(= Faidherbia albida), which occurs in a few iso-

lated sites of the Mediterranean coastal plain, a

few sites in the Jordan Valley north of the Dead
Sea, and one or two isolated spots elsewhere in

the country (Halevy, 1971). It does not occur in

the Negev or Arava Valley (Aaronsohn, 1913;

Karschon, 1961; Aloni & Orshan, 1972; see Fig,

14). Unlike its typical ecological patterns in Af-

rica (Radwanski & Wickens, 1967; Wickens,

1969; Ross, 1966, 1979, 1981), it is not restricted

to riparian or high ground-water sites in Israel.

It also differs in that flowering and fruiting are

relatively rare in all the sites at which it occurs

in Israel, while vegetative propagation by suckers

is far more common (Halevy & Orshan, 1972).

Zohary (1962) has argued for the relict position

of this species in Israel; indeed, the anomalous

position of A. albida within the genus Acacia,

and its occurrence with typical Mediterranean

associations such as Artemisia monosperma and

Cyperus mucronatus along the coastal plain, sup-

port that conclusion. However, the overall dis-

tribution pattern of the species in Israel (Fig. 14)

and its atypical ecological characters here, could

instead indicate a recent arrival and penetration

to this area from the Nile River Basin rather than

along the Syrio-Africa Rift,

Throughout Africa Acacia albida exhibits a

phenological feature unusual to but not unique

among savanna trees in that it sheds its leaves

at the beginning of both rainy seasons (Wickens,

1969; Pelissier, 1977). In Israel, bi-annual shed-

ding of the leaves occurs although there is only

one rainy season per year. In the case of an an-

cient relict, we would expect this character to

have been modified rather than preserved. More-
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Figure 14. Distribution of Acacia albida in Israel.

The arrows indicate the presumed penetration route

(after Halevy, 1971).

Adaptation of Sudanian Species to

Aridity and Long-Range Dispersal

Regardless of the age of the Sudanian elements

over, recent investigations on the northernmost found in Israel today the question naturally aris-

branch of the Nile River indicate that as recently es: how and why did some elements arrive (and

as the sixth century A.D. this so-called Pelusiac remain) here and not others? Given that the Dead

branch was active and extended a considerable Sea Rift and the other regions in Israel in which

distance into the northern Sinai Peninsula (Sneh Sudanian elements are found do not enjoy the

& Weissbrod, 1973). It does not seem impossi- same amounts of rain that fall in the Sudanian

ble, therefore, that Acacia albida should have region proper, and that what rain does occur is

been gradually dispersed by one or more vectors concentrated in only one rainy season, it might

along the Mediterranean coast and finally to the be supposed that various adaptations or pre-ad-

Jezreel Valley and Beit Shean on the one side aptations to drought would be found in the Su-

and as far north as southern Lebanon on the danian elements in Israel. Obviously, it is diffi-

other (Halevy, 1971). cult or impossible to analyze such factors
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Table 5. Dispersal analysis of the Sudanian arboreal floras of Sudan, Egypt, and Israel (see text for details).

Long-distance

Dispersal

Vector

Sudan**'^ Egypt b.d Israel'

Number Percent Number Percent Number Percent

Wind
Endozoochory

Exozoochory

None apparent

Total

56

189

2

153

400

14,0

47.25

0.5

38.25

100.0

11

73

8

38

130

8.5

56.1

6.2

29.2

100.0

9

22

4

14

49

18.4

44.9

8.1

28.6

100.0

• Species list drawn from Andrews (1950-1956) and modified after Wickens (1968).
** Species list drawn from Tackholm (1974) with modifications.

^^ Species list drawn from Zohary and Feinbrun-Dothan (1966-1974), Feinbrun-Dothan (1978, 1985), and

personal observations of the authors. Full species list with information on growth form, flowering period,

chorotype, dispersal unit, and presumed dispersal vector is available from A. Shmida.
** Full species list with details of growth forms and presumed dispersal systems is available from the authors.

quantitatively, short of in situ field comparisons however, in all cases where no readily apparent

of the same species occurring in Sudan, for ex- morphological adaptation for long-distance dis-

ample, and in Israel. persal was discernible, none was assumed. The

On the other hand, a partial analysis of ad- flora of Sudan was chosen as the basis for com-

aptations for long-distance dispersal of seeds is parison to Israel, since a fairly reliable flora was

possible, on the basis of personal observations published rather recently (Andrews, 1950-1956)

and study of the published floras of Israel^ Egypt, and considerable systematic work has been con-

and Sudan. Anemochory and zoochory would ducted in Sudan since then (cf. Wickens, 1968,

clearly facilitate more eflficient dispersal of Su- 1977). All species occurring in the mountainous

danian elements to the Dead Sea Rift Valley and regions and Equatoria Province of Sudan, which

enable dispersal units or diaspores to reach the are characterized by a moist tropical climate,

rare and disjunct habitats within the Rift that are were excluded from the analysis. The remaining

suitable to their requirements. Members of the portionsofSudan— the savannas, semidesert, and

Asclepiadaceae (e.g., Calotropis, Periploca, Lep- Red Sea Hills— were considered representative

tadenia, and Solenostemma) have a pseudopap- of the Sudanian phytogeographic region. Cer-

pus attached to each seed, which is clearly im- tainly, a west African region should have been

portant in long-distance dispersal. Certain grasses compared as well, but we were unable to find a

(e.g., Pennisetum, Tetrapogon, and Tricho- suitable flora.

laena), Geraniaceae, Monsonia spp., and Abu- In addition, the Sudanian elements of the ar-

tilon spp. have dispersal mechanisms very sim- boreal flora of Egypt (Tackholm, 1974) were ana-

ilar to those of the Asclepiadaceae. lyzed as a kind of mid-way station between Su-

Yet another ecological group with efficient long- dan and Israel. Finally, the Sudanian arboreal

distance dispersal mechanisms is the endozo- elements in Israel were analyzed in somewhat
ochorous species, whose dispersal units are juicy more detail; in almost all cases, the geographical

berries eaten by birds (e.g., Maerua, Ephedra, ranges (chorotypes) were accepted as given by
Lycium. and ^a/va^ora) or larger diaspores eaten Zohary and Feinbrun-Dothan (1966-1974) and
by mammals and other large animals (e.g., Aca- Feinbrun-Dothan (1978, 1985).

cia, Balanites, Cordia, and Ziziphus), However, Weconcentrate only on the arboreal elements

many Sudanian species in Israel lack any appar- in each of the three countries for two main rea-

ent long-distance dispersal mechanism. sons: 1) the dispersal spectra and taxonomy of

Table 5 shows a comparison of the relative the non-arboreal floras of Egypt and Sudan are

importance of the major long-distance dispersal less well-known; and 2) the arboreal floras of

vectors of seeds, anemochory and zoochory of Egypt and Israel are presumed to give the best

trees, shrubs, and perennial vines in the Sudan- picture of the "permanent" Sudanian elements

ian elements of Israel, Egypt, and Sudan exclud- to be found there. We have excluded arboreal

ing Equatoria Province. This analysis unavoid- elements characterized by Irano-Turanian or

ably relies to a certain extent on speculation; other non-Sudanian chorotypes e.g., Pistacia,
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Table 6. Habitat shifts of some Sudanian elements in different geographical areas.

Name Sudan
Dead Sea

Rift Valley

Outside Dead Sea Rift

Valley, esp. Coastal Plain

Trees

Acacia albida high ground water or

flood plains (habitat)

Acacia gerrardii ssp.

gerrardii

Balanites aegyptiaca

flood plains wadibeds in extreme

cold desert

oases and rocky cliffs

Moringa peregrina

Ziziphiis spina-christi scattered trees in sa-

vanna

Halophytes

Desmostachya bipin- savanna grass

scattered trees in sa-

vanna

Red Sea Hills; savanna oases and rocky cliffs

oases and moist wadi

beds

saline sinks

nata

Hyphaene thebaica

Phoenix dactylifera

sparse msavanna saline marshes

introduced; naturalized oases and saline marsh-

es

Vines

Cocculns penduliis

Ephedra foliata

climbers in savanna

climbers or shrubs

cliffs

shrubs

Pentatropis spiralis slender climber in sa-

vanna

Pergularia tomentosa small shrub

Grasses

Pennisetum setaceum savanna

Trichlolaena tenerif-

fete

Aristida sieberiana

Tetrapogon villosus

fleshy climber in saline

sink

small shrub or climber

sparse in savanna

rocky cliffs

rocky cliffs

dry savanna

dry savanna

rocky cliffs

crevices in rocky cliffs

a variety of diversified habi-

tats—sands, basaltic slopes,

and dry wadi beds

ruderal, segetal

oak woodland

aggressive climber on culti-

vated trees

small shrub

ruderal

recently invading roadsides in

patches

south-facing rocks

Juniperus, Colutea, Calligonum, and Haloxylon. the Sudanian flora in Israel. However, they cer-

Introduced and cultivated species were excluded tainly play an important role in the dispersal and

as well, for example, Ficus sycamorus in Israel, survival of those elements in Israel and elsewhere

and Moringa oleifera, Dalbergia sissoo, and in their geographical ranges.

Lawsonia inermis throughout. Such a compari-

son does not reveal a clear indication that the

Sudanian elements in Israel show a higher pro-

portion of species with adaptations for long-dis-

tance dispersal than those in Egypt or Sudan,

although a somewhat higher percentage of Su-

DlSCUSSlON

The Sudanian assemblage of plants in Israel

exhibits a typical example of the evolutionary

danian elements in Israel has adaptations for wind and ecological processes that can take place in a

dispersal and exozoochory. The most striking re- locus terminus, where populations are small, dis-

sult is that the arboreal Sudanian floras in all junct, and vulnerable to extinction. In short, such

three areas show a very high percentage of long- populations face ecological and environmental

distance dispersal adaptations (61.75, 70.8, and conditions quite different from those in their cen-

7 1.4% in Sudan, Egypt, and Israel, respectively). tral distribution area in Africa (Fig. 1). In the

On the basis of this analysis we conclude that following paragraphs, we summarize the distinc-

adaptations for long-distance dispersal do not tive features that characterize the Sudanian ele-

provide a clue as to the question of the age of ments in Israel.
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ENVIRONMENTALCONDITIONS Diamond, 1975). Such patterns have been fre-

quently found in zoology (Diamond, 1975; Pian-

ka, 1975; Krebs & Davies, 1978) but are almost

completely unnoticed in botany (see Cody &
Mooney, 1978).

Our study reveals cases of habitat shift on two

geographical scales: a) the east African savannas

and the Arterial Desert savannas of the Dead Sea

Rift; and 2) the Dead Sea Rift and the coastal

plain. Table 6 summari/xs the most obvious

habitat shifts displayed by the Sudanian ele-

ments under study. Most of the habitat shifts can

be at least partially explained by the Eco-Geo-

graphical Rule of Boyko (1947). Since the plants

in Africa are accustomed to a fairly high regime

of rainfall, where they penetrate into the arid

parts of Israel, they tend to be confined to hab-
GEOGRAPHicALANDECOLOGICALSPLITTING

j^^^^ ^^^^ improved watcr rcgimcs relative to the
OF THE SUDANIANELEMENTS surrounding area. Nevertheless, thcsc Specialized

The Sudanian elements penetrating Israel from habitats have components that differ markedly

The environmental conditions in which the

Sudanian elements occur in Israel are generally

similar to those in the main Sudanian dominion

in Africa. However, there are some critical dif-

ferences: in Israel there is a greater contrast be-

tween winter and summer conditions, and the

overall yearly precipitation is less predictable.

Moreover, the rainfall patterns are completely

different. In the Sudanian region of east Africa

there are two principle rainy seasons— autumn
(March

Morrison

all of the rain comes in the winter (December

March) (see Fig. 10).

the south split and inhabited two distinct habi-

tats when they reached the Dead Sea Rift Valley:

from the African savannas even if the amount

of water is approximately the same. In saline

arboreal elements that grow in large wadis and habitats, for example, the plants must contend

grasses and other smaller lifeforms that tend to ^ith a high concentration of salts, whereas in

grow in the thermic micro-environments occur- rocky habitats they face a high degree of unpre-

ring among open rock formations.

Both a splitting of the natural Sudanian as-

dictability in their water supply.

Another major habitat shift occurs in the

sociation and an intermingling of the Sudanian coastal plain, where most of the Sudanian species

elements with the Saharo-Arabian and Mediter- occupy ruderal and especially segetal sites. As

ranean floras have occurred. In most places, even the cultivation of summer crops has expanded

in the most typicaP'Sudanian habitats^' in Israel, '^ the area over the past 100 years, certain Su-

the Sudanian elements constitute only a small danian elements have exhibited a remarkable pre-

percentage of species present and are inter- adaptation to disturbed sites with artificially sup-

spersed among the eremaic flora. Zohary (1962, plemented water in the summertime (Dafni,

1973, 1982) devoted a special geographical dis- 1975). Some of these have become aggressive

trict to the Sudanian elements in the Arava Val- weeds throughout the coastal plain (e.g., Chro-

ley and Dead Sea area, but phytogeographical zophora tinctoria\ see Table 5). Yet another case

analysis of the community shows that the Su- of habitat shift is displayed by those Sudanian

danian elements account for less than 1 5%of the vines that are typically climbers but in the Dead

total species list (see section on Distribution Pat- Sea Rift are restricted to cliffs and only seldomly

terns below). Accordingly, Feinbrun-Dothan occur on trees (e.g., Cocculus pendulus). Wepro-

(1985) does not recognize a Sudanian phytogeo- POse that some of the cucurbits have also under-

graphic territory in the "Flora Palaestina." As gone a habitat shift, wherein typical savanna

mentioned earlier, we heartily concur with this climbers became prostrate spreading vines in the

arterial wadi beds (e.g., Cucumis prophetarum,

Citrullus colycynthis), but in this case the shift

apparently took place at the genus level, rela-

tively early in the evolution of the relevant sec-

Habitat shift is a phenomenon consisting of tions of the family. A similar trend occurs in the

definite changes in the environmental parame- Commicarpus / Boerhavia complex, in which

ters of the niche space occupied by a given species some are climbers, some are facultative climbers

in comparison to the parameters of the niche {Commicarpus africanus), and some are exclu-

space in another portion of the species' geograph- sively prostrate wadi-bed vines (e.g., Commi-
ical range (MacArthur, 1968, 1972;Pianka, 1978; carpus boissieri). This trend seems to represent

view.

HABITAT SHIFT AMONGTHE SUDANIAN ELEMENTS
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ASSOCIATION ANDRE-ARRANGEMENT

a general pattern of shift of growth form con- as described earlier. In the Dead Sea Rift, they

comitant with a migration from semi-desert sa- are restricted to moist habitats, i.e., salt marshes

vanna environments to extreme desert habitats, or rocky outcrops; and in the Mediterranean re-

gion, most of them are relatively widespread,

especially in warm and at least slightly disturbed

habitats. Indirect and published literary evidence

In general terms, in comparing the association suggests extensive invasion and expansion of

of Sudanian elements in Israel with the entire these elements throughout the Mediterranean re-

association of the Sudanian flora in Africa, we gion within the last century. Yet it seems clear

find a complete lack of agreement between them, that the primary distribution of these species,

The main differences are that in Israel the Su- including the now weedy grasses, is Sudanian

danian elements occur together with many species (Eig, 1938; Zohary, 1973). For this reason we

of other chorotypes and that even the details of recognize them as a separate group.

In addition to the three groups described abovetheir co-occurrence are different from those found

in Africa. This pattern of non-consistent asso- an ^woma/ow^ Grow/? (d) can be recognized, which

ciation corresponds to Gleason's(l 926) individ- includes Acacia albida and A. gerrardii subsp.

ualist concept of plant geography and phytoso- negevensis. As described earlier, these two species

ciology, an approach that was quantitatively show complex distributional and ecological pat-

developed and substantiated by Whittaker( 196 2). terns in Israel, the elucidation of which will re-

Nevertheless, a small "core group" of taxa can quire further study of the geological and paleo-

be distinguished that are, in Israel, restricted to ecological past of the area,

the Dead Sea Rift Valley. Weshall call this the

Arava Group (a). They are all species universally

recognized as belonging to the basic Sudanian

flora, which occurs continuously, if disjunctively,

from dry tropical Africa to the Thar Desert. Sal-

vadora persica. Balanites aegyptiaca, Calotropis

procera, and Acacia tortilis are good examples of

this group (see Figs. 4, 11).

A second group is the Fully Integrated Group

(b). These are paleo-Mediterranean elements

(sensu Zohary, 1973) that do not have phylo-

genetic allies among temperate floras but instead

good, if remote, systematic links to the tropical

flora. They comprise several species endemic to

the Mediterranean region that currently do not

occur in tropical or Sudanian regions but are

replaced there by a congeneric relative (e.g., Olea

europaea replaced by O. chrysophylla, = O. eu-

ropaea subsp. africana) or by related genera

within the same familial section or tribe (e.g.,

Laurus, Nerium, Phillyrea, and Tamus vis-a-vis

their tropical counterparts). Zohary (1973) pos-

tulated that this group has survived since the

Miocene around the Mediterranean Basin while

most of the tropical elements occurring with them

RARITY, DISJUNCT DISTRIBUTION PATTERNS,

ANDTHEIR ECOLOGICALCONSEQUENCES

Habitats in Israel where Sudanian plants dom-
inate (Fig. 9)— rocks, cliffs, oases, and large wa-

dis— are scattered in a topographical matrix of

desert slopes that do not permit the existence of

non-xeric plants. Consequently, most popula-

tions of these Sudanian species in Israel are small

and disjunct.

In many rocky habitats in the Dead Sea area

and along the Arava Valley, common desert

species (Saharo-Arabian elements) are found in-

stead of Sudanian species. The absence of Su-

danian elements in these apparently suitable sites

is probably due to high rates of local extinction

(cf Stebbins, 1952) and rare recolonization

events.

THE AGEOF THE SUDANIANELEMENTS

IN THE FLORAOF ISRAEL

Points in favor of the antiquity of Sudanian

vegetation in the study area are the following:

at that time retreated to the warmer regions of 1. Strong paleontological evidence exists for the

Africa (and Asia).

The Transitional Group (c) includes those

species that grow in both the Dead Sea Rift and

gradual decrease (attenuation) of tropical an-

imals in the area from the Miocene to the

Holocene (Tchemov, 1968, 1975).

in the Mediterranean region of Israel, e.g., Ziz- 2. The "paleomediterranean elements" (sensu

iphus spina-christi, Demostachy bipinnata, and

Hyparrhenia hirta. These species are character-

ized by differences in habitat in the two areas,

Zohary, 1973) of Israel show a distinctly relict

distribution pattern with secondary adapta-

tions to the Mediterranean area. Examples are



24 ANNALSOFTHE MISSOURI BOTANICALGARDEN [Vol. 73

Olea europaea and Ceratonia siliqua, both of

which are present-day components of the ev-

ergreen maquis that have decidedly tropical

affinities.

3. The random and disjunct character of many
Sudanian species growing in oases and by

springs in cliffs and gorges might suggest that

the vegetation is relict in character (Zohary,

1962, 1973). According to this theory, the

this view, many habitats suitable for the ex-

istence of Sudanian vegetation can be ex-

pected to remain empty or populated by only

one species (cf. Ellner & Shmida, 1981). What
seems to be a random pattern at the single

species level can be explained by consistent

statistical evidence at the community and to-

tal Sudanian flora level (see Ellner & Shmida,

1981).

vegetation that once covered the whole area 6. That the indisputably relict "paleomediter-

contracted to moister habitats as the climate

grew dryer.

Points in favor of the recency of most of the

Sudanian vegetation in the study area are:

1 . Cold conditions in the Pliocene and the glacial

periods of the Pleistocene were unfavorable

to Sudanian vegetation existing in the study

area, which was consequently destroyed after

the Miocene (Galil, 1972).

ranean elements" occur entirely in the Med-
iterranean region of Israel and not in the Dead
Sea Rift is further evidence that relicts and

recent arrivals show divergent distribution

patterns in the study area. The unique distri-

bution of Acacia gerrardi subsp. negevensis

also stands in marked contrast to that of the

remainder of the Sudanian elements in the

area. The former shows a clearly relict pattern

while the latter do not.

2. Up to the Pleistocene the Dead Sea Rift was 7. The existence of a transitional group and a

apparently only a shallow depression, in which

a pseudo-Sudanian climate appropriate for

thermophilic Sudanian species could not ex-

ist. During the last glacial period the central

Dead Sea Valley was covered by the Lisan

Lake and the climate was cooler (Neev &
Emory, 1967; Horowitz, 1979) and therefore

not appropriate for the existence of the xe-

wide range of marked habitat shifts (see pre-

vious sections) in the Sudanian elements oc-

curring in Israel outside of the Dead Sea Rift

also argues for the recency of the Sudanian

flora as a whole in the area. Invasion and

penetration of these elements can be seen tak-

ing place at a rapid rate in localities charac-

terized by human disturbance.

rophytic Sudanian species growing there to- 8. Very few endemic species are found in the

day.

3. Most Sudanian species in Israel have under-

gone virtually no speciation relative to their

larger populations in east Africa. Those taxa

that have speciated have done so to a very

low degree (variety or subspecies level). In

most species with endemic taxa, gradual mor-

phological transitions can be found between

the endemic taxa and the corresponding Su-

danian sibling species.

4. Many Sudanian species have efficient long-

distance dispersal mechanisms and could have

reached the disjunct habitats suitable for their

growth by this method (see previous section

on Long- Range Dispersal). In light of recent

research on the seed dispersal ability of many
plants occurring on oceanic islands (Carl-

quist, 1974), this evidence seems significant.

5. The disjunct and apparently random distri-

bution of Sudanian vegetation in the Dead
Sea Rift can be attributed not only to their

being relicts from a different climatic period,

but also to long-distance dispersal and the

scarcity of appropriate habitats. According to

Dead Sea Rift where the great majority of

Sudanian floral and faunal elements in Israel

occur. The only clear exceptions are the bo-

raginaceous chamaephyte Trichodesma bois-

sieh and the sunbird, Cinnyris osea, both of

whose nearest systematic relatives occur in

east Africa, over 1,000 km away. In the Med-
iterranean region, one paleoendemic Sudan-

ian butterfly exists, namely Caharexes jasius

(Larsen, 1 974). By contrast, in both the Irano-

Turanian and the Mediterranean elements of

the Israeli flora, a large number of endemics

or sub-endemics exist. Many of these occupy

rocky or otherwise locally isolated habitats.

Similar habitats supporting Sudanian ele-

ments, although many hundreds of kilome-

ters away from their nearest congeneric

neighbors, are nevertheless devoid of pa-

leoendemics.

Conclusions

In our opinion, the large majority of the Su-

inian plant species occurring in the Negev and
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Dead Sea Rift Valley today are of recent origin up and the rapid deepening ofthe Rift took place,

and have reached the area only after the last On the other hand, a significant portion of the

glacial period. That is, most of the Sudanian species with tropical affinities occurring in the

species presently occurring in Israel, with the ex- Mediterranean area of Israel are probably an-

ception of Trichodesma boissieri and Acacia ger- cient and can be considered Miocene relicts, both

rardi subsp. negevensis, started to penetrate from from their geographical disjunction and system-

the south about 12,000 to 17,000 years ago. This atic isolation (Zohary, 1973).

process continued throughout the Holocene. This

conclusion does not exclude the possibility that

Sudanian elements, including some of the same

species found here today, existed in Israel in more

ancient times during the Pleistocene and late

Tertiary. Nevertheless, the existence of Tertiary
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